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Arsenic and lead, known to have genotoxic and mutagenic effects, are ubiquitously distributed in the environment. The presence 
of arsenic in drinking water has been a serious health problem in many countries. Human exposure to these metals has also 
increased due to rapid industrialization and their use in formulation of many products. Liposuction material is a rich source of stem 
cells. In the present study cytotoxic and genotoxic effects of these metals were tested on adipose derived mesenchymal stem cells 
(AMSCs). Cells were exposed to 1 -1 0 ng/ml and 1 0-1 00 |ig/ml concentration of arsenic and lead, respectively, for 6, 1 2, 24 and 48 
h. The cytotoxic effects were measured by neutral red uptake assay, while the genotoxic effects were tested by comet assay. The 
growth of cells decreased with increasing concentration and the duration of exposure to arsenic. Even the morphology of cells was 
changed; they became round at 10 |jg /ml of arsenic. The cell growth was also decreased after exposure to lead, though it proved 
to be less toxic when cells were exposed for longer duration. The cell morphology remained unchanged. DNA damage was 
observed in the metal treated cells. Different parameters of comet assay were investigated for control and treated cells which 
indicated more DNA damage in arsenic treated cells compared to that of lead. Intact nuclei were observed in control cells. Present 
study clearly demonstrates that both arsenic and lead have cytotoxic and genotoxic effects on AMSCs, though arsenic compared 
to lead has more deleterious effects on AMSCs. 
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Introduction 



Stem cells are characterized by the ability to renew 
themselves and to differentiate into multi-lineage of terminally 
differentiated cells. There are different sources of stem cells 
but for different applications, stem cells are preferred to be 
isolated where a minimally invasive procedure is required and 
cells are found in abundant quantities Variable number of 
stem cells is present in different tissues such as liver, heart, 
kidney, skin, bone marrow and adipose tissue etc. The 
tissues are mainly formed from mature cells but it is now 
evident that stem cells also reside in tissues in specific niches 
Embryonic stem cells have the ability to differentiate into all 
types of cells of the body though the adult stem cells do not 
have this level of plasticity and they have multipotent to 
pluripotent differential potential. Earlier it was considered that 
stem cells can only differentiate into mature cells of the same 
organ but recent evidences indicate that they can also 
differentiate into other cell types and even into the cells of 
ectoderm, mesoderm and endoderm i*'^-^'^'^'. Mesenchymal 
stem cells (MSCs) are considered to have more plasticity and 
they can easily be differentiated into cells of other lineages. 
Though Adult MSCs can be isolated from different sources, 
bone marrow and adipose tissue are the main sources. Due 
to an increase in the rate of obesity world over and particularly 
in the USA, adipose tissue is now being abundantly used as a 
source of adipose derived mesenchymal stem cells (AMSCs). 
According to an estimate, nearly 400,000 liposuction 
surgeries nearly 400,000 liposuction surgeries are performed 



in the USA per year, which yield approximately 100 ml to 3000 
ml of lipoaspirate tissue. Although it has great research and 
therapeutic applications, majority of this rich source of stem cells 
is wasted i^'^^. 

Arsenic is ubiquitously distributed in environment. Due to its 
association with a number of health related problems, arsenic is 
considered as the top environmental health threat. According to 
a study in 2007 {USA Today.com, August 30, 2007), over 137 
million people in more than 70 countries are probably affected by 
arsenic poisoning from drinking water. Exposure to inorganic 
arsenic leads to increased risk of malignancies, stroke, 
cardiovascular and chronic liver diseases Arsenic is also 

reported to increase the incidence of certain cancers in 
experimental animals According to experimental findings, 

arsenic does not cause direct DNA damage. Instead it causes 
mutations indirectly by altering the DNA repair mechanism '^^■''''1, 
and has also been demonstrated to be immunotoxic 
During pregnancy it not only has deleterious effects on the health 
of mother but it is also reported to cross the placental barrier and 
cause toxicity to fetus 

Lead is one of the most common heavy metals in the earth crust 
which is also known to cause deleterious effects on human 
health even at low doses. Occupational exposure is a common 
cause of lead poisoning in adults. According to an estimate, 
more than 3 million workers are potentially exposed to lead in a 
work place in USA ( http://en.wikipedia.ora/wike/Lead poisoning ). 
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Lead has long been recognized to damage the nervous, 
renal, hematological and cardiovascular systems'^^'. 
Anthropogenic activities are the main source of lead 
exposure Humans are exposed to lead mainly by 
inhalation and ingestion. Once inside the body, lead is mainly 
stored in soft tissues of the body. The effects of lead on the 
human body mainly depend on the duration, route of 
exposure, dose and the chemical state of lead. The effects of 
lead are more severe on kids, the source of exposure being 
the use of lead paints in houses, where it causes deleterious 
effects on the neurons leading to low IQ levels '^'^l 

As the level of arsenic and lead is on the increase in 
developing countries, there is a great need for proper 
disposal of these metals because of their serious health 
consequences including the development of cancer. There is 
also a need for community education about health hazards of 
heavy metals. In the present study, we have investigated the 
cytotoxic as well as genotoxic effects of both these heavy 
metals on human adipose derived mesenchymal stem cells 
(AMSCs). Since there is no such study available on the 
effects of arsenic and lead on AMSCs, it becomes extremely 
relevant to explore the deleterious effects of both metals on 
stem cells. 

Materials and Methods 
Chemicals 

Analytical grades of sodium arsenite, lead nitrate, sodium 
chloride, triton X-100, DIVISO, NaOH, ethanol and EDTA 
were obtained from Sigma-Aldrich. Dulbecco's IVIodified 
Eagle's Minimal Essential Medium (DMEM), phosphate 
buffer (pH 7.4), trypsin-EDTA, penicillin, streptomycin, fetal 
bovine serum (FBS) were obtained from GIBCO and PAA. 
Sterile tissue culture flasks and sterile glass pipettes were 
purchased from NUCK. Lysis solution (2.5 M NaCI, 100 mM 
EDTA, 10 mM Tris (pH 10), 1% N-lauryl sarcosine sodium, 
1% Triton X-100 and 10% DMSO), alkaline buffer (1 mM 
EDTA, 300 mM NaOH) were prepared in the laboratory. 

Isolation of Adipose Mesenchymal Stem Cells (AMSCs) 

The fat sample (single sample) was collected from a 
liposuction procedure performed at the Ganga Ram Hospital, 
Lahore after the informed consent of a patient (29 years old 
female) in a vial containing 5 ml complete medium containing 
0.5 ml 100X penicillin-streptomycin solution. The sample was 
immediately transferred to the lab for further procedures. The 
sample was spun at 2,000 rpm for 5 minutes to collect the fat 
tissue pieces. The fat pieces were washed extensively with 
sterile phosphate buffered saline (PBS) three times and 
treated with 0.01% collagenase (Type 1; Sigma Aldrich) 
prepared in DMEM medium for 2 h at 37°C with gentle 
agitation after every 10 minutes. The collagenase was 
inactivated with equal volume of DMEM (DMEM -i- 10% FBS). 
The mixture was centrifuged at 2000 rpm for 10 minutes. The 
pellet was washed once with PBS and then re-suspended in 
complete medium (DMEM containing glutamine, 10% FBS, 
100 U/ml penicillin, and 100 |ag/ml streptomycin). The 
number of cells were counted by hemocytometer and added 
into a tissue culture flask (NUNC) followed by incubation at 
37°C with 5% CO2 in a humidified environment for three 
days. When the cells became confluent they were trypsinized 
with trypsin-EDTA and sub-cultured. 



Cytotoxicity Assay 

The AMSCs were sub-cultured and incubated for 24h at 37°C 
in a humidified environment with 5% CO2 to grow the cells in 
a monolayer. When cells grew to 90% confluency, they were 
washed with phosphate buffer saline (PBS), trypsinized with 
1 ml of IX Trypsin-EDTA. The cells were counted with 
hemocytometer and 5x10^ cells were added in each well of 
a 96 well plate for arsenic treatment and 2 x 10^ cells for lead 
with a total volume of 200 |il of complete DMEM medium. 
Cells were incubated for 24h at 37 °C in a 5% CO2 incubator. 
The old medium was replaced by 200 |il of fresh medium 
containing 0-10 |ig/ml arsenic and 0-100 ng/ml lead, 
respectively, and incubated under the same culture 
conditions for 6, 12, 24 and 48h. Cytotoxic effects were 
tested by neutral red uptake method, for which the treatment 
medium was aspirated and the cells were incubated with 
neutral red medium for 3h at 37°C. The cells were washed 
with PBS and images were taken. The Neutral Red de-stain 
solution (150 |il) was added in each well and the plates were 
placed on a shaker at 120 rpm for 10 min. The supernatant 
was used for measuring the differential absorbance at 492 
nm and 630 nm using ELISA reader (Humareader plus, 
HUMAN). All assays were done in triplicate. Mean values 
and standard deviations were calculated for the data on the 
cytotoxic effects and then plotted on a graph. 

Comet Assay 

AMSCs (5x10"* cells) were added in 6 well plate in 2 ml 
DMEM complete medium and incubated at 37°C in a 
humidified environment with 5% CO2 for 24 h. The medium 
was replaced with DMEM medium (2% FBS) containing 1 
Hg/ml arsenic and 10 [iqlm\ lead, respectively. No metal was 
added to the control. The cells were incubated again for 12h, 
washed with PBS and trypsinized with trypsin-EDTA. The 
number of cells was counted with heamocytometer and 
5x10" cells were finally suspended in 100 |il of PBS. After 
this procedure, every step was carried out in indirect light. 
The slides were layered with 1 .5% normal agarose prepared 
in TAE buffer. The cells in 100 |jl of PBS were mixed with 
400 Ml of 1% low melting agarose at 37°C and 100 |al was 
layered over the agarose coated slide. The slides were 
covered with a coverslip and then placed in an incubator at 
4°C for 20 minutes to solidify. The cover slip was removed 
and the slides were immersed in lysis solution for 1h. The 
slides were washed for 5 minutes in PBS and immersed in 
electrophoresis tank in the presence of freshly prepared 
alkaline buffer at room temperature. After 20 minutes, 
electrophoresis was done in the same buffer at 25V for 20 
minutes (previously optimized). The slides were neutralized 
using neutralizing buffer (0.4 M Tris; pH 7) for 15 minutes. 
Finally the slides were fixed using absolute ethanol for 10 
minutes and stored at 4°C before analysis. 

For the analysis, the slides were stained with 50 |il of 
ethidium bromide solution (20 |ig/ml) and images were taken 
using 10X objective of fluorescence microscope (Olympus 
BX51). Comet score15 was used to analyze comet. Five 
different comets were analyzed from each slide. Ten different 
parameters viz.. Comet length, height, area, intensity, head 
diameter, tail length, tail area, % DNA in tail, tail movement, 
% DNA in head were analyzed for each comet. From the 
data obtained, mean values and standard deviations were 
calculated and plotted on a graph. 



P30 



Copyright © Journal of Stem Cells and Regenerative IVIedicine. All rights reserved 



Cytotoxic and Genotoxic effects of arsenic and lead 



Results 

AMSCs were successfully Isolated from the single donor. 
Medium of the cells was changed every 2-3 days. When the 
cells reached confluency, they were sub-cultured In 1 :3 ratio 
in other flasks. AMSCs at passage 3 were used for the 
determination of cytotoxic and genotoxic effects. The cells 
were spindle shaped and very similar In morphology to bone 
marrow MSCs. Some dividing cells were round In shape (Fig. 
1)- 

Cytotoxic effects of metals 

For the cytotoxicity test, when cells were exposed to arsenic 
for different time intervals, decrease In the growth was 
observed with an increase In concentration of arsenic. A 
change in morphology was observed with increase in 



concentration of arsenic. The cells became round at higher 
concentrations and did not uptake neutral red as it was done 
by living cells (Fig. 2). There were more drastic effects on 
cells when these were exposed to arsenic for longer duration 
which Is clear from the Inhibitory concentration 50 (IC50) 
values. IC50 was 7.9, 4.6, 4.1 and 4.8 [ig/vn\ when cells were 
exposed to arsenic for 6, 12, 24 and 48h, respectively. 

In the case of lead, the effect of metal was not as drastic as It 
was In the case of arsenic. No change In morphology of the 
cells was observed even at 100 ng/ml concentration and 48h 
of exposure. There was only 21, 14, 16 and 12 % decrease 
in growth, when cells were exposed to lead for 6, 12, 24 and 
48h, respectively. This was a very minor decrease In growth. 
When cells were exposed for longer duration, there was even 
less decrease In the proliferation of cells which Is opposite to 
the response of cells exposed to arsenic (Fig. 3). 





B 

Figure 2. Effect of Arsenic and Lead on AMSCs. A: AMSCs cells were exposed to 1-10 ng/ml arsenic for24h. The top panel shows control AMSCs (extreme 
left), cells exposed to 1 ijg/ml Arsenic (middle) and 1 0 ijg/ml Arsenic (extreme right). B: AMSCs cells were exposed to 10-1 00 ijg/ml Lead for 24h. The bottom 
panel shows control AMSCs (extreme left), cells exposed to 10 ijg/ml Lead (middle) and 100 ijg/ml Lead (extreme righl). 
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Figure 3. Effect of different concentrations of Arsenic (1-10 ijg/ml) and Lead (10-100 lug/ml), exposed for different periods of time viz., 6, 12, 24 and48fi on tfie 
percentage growtfi of AMSCs. AMSCs were more tolerant to lead when exposed for longer duration (48fi), wfiereas tfiere was increase in proliferation when 
compared to cells exposed for shorter time (6h). Moreover, lead concentration administered for a longer period of time also supported the proliferation of cells. 
The number of cells after lead treatment was greater than control cells. 



Genotoxic Effects of Metals 

AMSCs were exposed to arsenic and lead for a specific time 
interval and comet assay was performed to measure the 
effect of these metals on the DNA. The morphology of 
AMSCs nucleus was observed under fluorescent 
microscope. There was no damage to the nucleus in control 
cells and they appeared round in shape (Fig. 4). In arsenic 
and lead treated AMSCs varying degrees of DNA damage 



was observed; comets were formed with different tail lengths 
(Fig. 4). The comet length was greater in arsenic treated 
samples, compared to that of lead treatment (Fig. 5). The 
score of comet parameters of control and both metal treated 
samples are given in Table 1, which clearly show the DNA 
damage in both the types of metal treated cells. The damage 
in the arsenic treated cells was greater than in the cells kept 
as control. 
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Figure 4. Images ot control (extreme left), Arsenic-treated (middle) and Lead-treated (extreme right) MSCs after comet assay. Comet assay slides were stained 
with ethldlum bromide and images were fallen under fluorescent microscope. 
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Figure 5 Parameters of comet assay in control (extreme left), Arsenic-treated (middle) and Lead- treated (extreme right) A^/ISCs. Error bars indicate the 
standard deviations from the means. 



Discussion 

Lot of research work has been done to investigate the effects 
of arsenic and lead on different cell lines, animal models and 
humans. After the discovery of the stem cells, several reports 
appeared on the effect of different compounds on stem cells. 
Yadav etal. and Sharifi etal. investigated the effects of 
arsenic and lead on bone marrow MSCs. Since adipose 
tissue is one of the richest sources of stem cells and 
potentially can have many therapeutic applications, we 
started growing these cells and studied the effects of arsenic 
and lead on AlVISCs. 

In the present study we successfully isolated AMSCs from 
the liposuction material. After collagenase digestion, the fat 
cells float in the medium making it easy to separate them 
from the AMSCs by centrifugation. AMSCs attach to the 
plastic surface and grow like bone marrow MSCs. Initially it 
was hard to obtain pieces of fat tissues and to isolate cells 
but the procedure has been greatly simplified by liposuction 
and this procedure also does not greatly alter the viability of 
the cells 



However when the liposuction is done with the assistance of 
ultrasound, the number of recovered AMSCs is reduced 
The recovery of AMSCs from adipose tissue is improved by 
manipulating the centrifugation speed and it is reported that 
1200 X g is the optimal speed to isolate AMSCs 

When we studied the cytotoxic effects of arsenic, the arsenic 
caused cell death in a dose and time dependent manner. 
When cells were exposed for 6h, there was only 63% 
decrease in proliferation of cells at 10 |ig/ml concentration of 
arsenic, while at 12, 24 and 48h, at the same concentration 
of arsenic there was almost 1 00% cell death observed and 
the results were comparable with these time intervals. It was 
also observed that with an increase in the concentration of 
the arsenic from 1 to 1 0 [xg/m\ there was a gradual decrease 
in the proliferation of the cells (Fig. 3A). The cytotoxic effects 
of lead on AMSCs were different compared to arsenic. There 
was not much decrease in proliferation of cells even at a 
higher lead concentration of 100 |ig/ml and as opposite to 
arsenic there was less decrease in the proliferation of cells 
when cells were exposed to lead for longer durations (48h). 
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In addition it was also observed that at a low concentration, 
lead stimulates the proliferation of cells and cell proliferation 
rate was even better than that of the control (Fig. 3B). 
According to different studies, lead is toxic to cells and 
causes cell death in a dose and time dependent manner and 
IC50 was achieved at 49.0 ± 18.0, 37.5 ± 9.2 and 3.5 ±0.7 
|jg/mL upon 24, 48 and 72h of exposure in case of HepG2 
cells In another study lead has been shown to be highly 
toxic for HepG2 cells and also to immune cells, where it 
alters the morphology of cells and also inhibits the adherence 
In our study no such results were obtained and lead 
proved to be less toxic for AMSCs and IC50 could not be 
achieved even at 100 ng/ml concentration of lead after 48 h 
of exposure. There is a need to further investigate as to why 
lead did not show much toxicity for AMSCs. The increase in 
proliferation of cells at low lead concentration also seems to 
be unusual. Tchounwou et al. (2004) observed the same 
phenomenon while working on HepG2 cells. Another study 
also supports these results in which lovy concentration of lead 
increased the proliferation of Th2 cells 



[34] 



According to different reports arsenic impairs important 
biological functions such as angiogenesis, differentiation, 
apoptosis and proliferation of cells When arsenic 

enters the cells it mainly affects the mitochondria and 
changes the mitochondrial trans-membrane potential. This 
results in induction of reactive oxygen species which causes 
damage to vital biomolecules The possible 

mechanism of arsenic induced apoptosis in cells is due to 
change in trans-membrane potential of mitochondria and 
production of reactive oxygen species 

In the present study we tested the genotoxic effects of 
arsenic and lead by single cell gel electrophoresis assay or 
comet assay. DNA damage was induced by both arsenic and 
lead which was observed by formation of comet due to 
fragmentation of DNA. The DNA was observed after staining 
with ethidium bromide under the fluorescence microscope. 
There was no DNA damage in the control cells (un-treated) in 
which the nucleus remained intact and no comet was formed 
but comet were formed in both the types of metal treated 
cells. This proves that both arsenic and lead have genotoxic 
effect on AlVISGs. More DNA damage was observed in the 
arsenic treated AMSCs as there was increase in length of 
comet, comet tail, percentage of DNA in tail etc. (Table 1 ). 

As opposed to cytotoxic effect, the result of genotoxic effects 



were almost comparable in both arsenic and lead treated 
cells. 

After ingestion, arsenic is readily absorbed by the digestive 
system and then it circulates in the blood and reaches 
various tissues and organs of the body. In the tissues and 
organs it causes damage at a cellular level. Arsenic is 
considered to be a genotoxic heavy metal. According to 
studies it causes damage to DNA; not directly but as a co- 
mutagen It mainly causes DNA damage by inhibiting 

DNA repair machinery that results in different alterations in 
the genome '"^l In addition it also interacts directly with cell 
cycle regulatory proteins and causes arrest in cell cycle and 
result in apoptosis '^^l Arsenic not only causes DNA 
damage in in vitro conditions but also in vivo Lead has 
the tendency to share electron, this way it can form covalent 
attachment with macromolecules Lead is also reported 
to deplete cellular glutathione level due to its avidity for 
sulfhydryl groups. This results in an increase in the level of 
lipid peroxidation which accelerates lipofuscinogenesis, this 
leads to DNA damage '"^l Some studies report lead as a 
weak genotoxic agent. The possible mechanism of 
genotoxicity could be oxidative stress in the exposed tissues 
and organs '^^l In addition it is also reported that lead 
causes impairment in the DNA synthesis and also cause 
chromosomal aberrations 

In the present study, the results demonstrate that arsenic 
have strong effects on proliferation of cells and results in the 
change in cell morphology and causes cellular death in 
AMSCs. The effect of lead is not as severe as those of 
arsenic. There was gradual decrease in growth of cells with 
an increase in arsenic concentration and the time of 
exposure. Contrary to the effect of arsenic there was 
increase in the proliferation of cells at longer exposure and 
lower concentration of lead also increased the proliferation of 
cells. The morphology of cells changed at higher arsenic 
concentration; there was shrinkage in size of cells as they 
became round in shape and also increased cell death. The 
results of comet assay proved that both arsenic and lead 
have genotoxic effects on AMSCs and both cause DNA 
damage. More DNA damage was reported in arsenic treated 
cells. The results indicated that arsenic and lead are toxic 
heavy metals and they could be a great health hazard in the 
future if proper measures are not taken for their use and 
disposal. 



Table 1 -Evaluation of DNA damage by comet assay after arsenic and lead treatment to AMSCs. 



Comet 
parameters 


Control 
(n=3) 


Arsenic- 
Treated 
(n=3) 


P value 


Control 

(n=3) 


Lead- 
treated 
(n=3) 


P value 




Comet length 


47 ± 5.6 


60 ± 3.2 


0.001 


47 ± 5.6 


54 ± 1 .5 


0.001 




Comet height 


28 ± 5.2 


45 ± 5.5 


0.001 


28 ± 5.2 


37 ± 1 .8 


0.001 




Comet area ^^^^H 


982 ± 269 


2134 ±392 


0.001 


982 ± 269 


1592 ±205 


0.001 


M 


Comet Intensity 


19117± 6363 


20867± 4996 


0.001 


19117± 6363 


23326± 7953 


0.001 




Head diameter ^^^^M 


25 + 4.3 


17 ±3.8 


0.001 


25 ± 4.3 


18 ±2.2 


0.001 


■ 


Tall length 


22 ± 7.7 


44 ± 2.9 


0.001 


22 ± 7.7 


35 ±2.7 


0.001 




area V^^^^^H 


318±92 


1247 ±239 


0.001 


318 ±92 


872 ±218 


0.001 


■ 


%DNA in tall 


14 ±9.8 


74 ± 7.8 


0.001 


14 ±9.8 


70 ± 6.6 


0.001 




Tall movement 


3.8 ±3.1 


32 ± 4.3 


0.001 


3.8 ±3.1 


25 ± 3.5 


0.001 


■ 


%DNA in head 


86 ± 9.8 


26 ± 7.8 


0.001 


86 ± 9.8 


30 ± 6.6 


0.001 
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